This paper uses the results of ordinary least squares, bivariate vector autoregressive, and error correction models to estimate the hedge ratios for cotton production across different countries and to determine whether New York Cotton Exchange futures prices can serve as a hedging tool for cotton producers. Models comparison shows that the error correction model fits the data better. The results of the error correction model show that the spot prices and the NYCE futures prices are co-integrated in United States, Australia, and China, but not in Africa Franc Zone countries. In addition, for countries with higher market power, such as US and China, and countries without market distortions, such as Australia, the New York Cotton Exchange futures prices can serve as a hedging tool for cotton producers. In contrast, for less developed countries, such as Africa Franc Zone countries, and Pakistan, the NYCE futures prices cannot serve as hedging tool against the risks faced by cotton farmers.
Introduction
Cotton is one of the major natural fibers. It accounts for around 40 percent of the world's annual textile fiber production and serves as an engine of economic growth by providing income to millions of farmers in both developed and developing countries worldwide. Between 1 and 2 million households produce cotton in West Africa, and up to 16 million people are involved in cotton production in some way (International Cotton Advisory Committee, 2007). The contribution of cotton to national gross domestic product (GDP) varies among countries. For instance, cotton provides 3 to 5 percent of the GDP in Benin, Burkina Faso, Mali, and Chad. In addition, cotton's exports generate significant resources for national economies. For example, in Burkina Faso, Benin, Chad, Mali, and Togo, cotton export share in total exports represents 51.4 percent, 37.6 percent, 36.2 percent, 25 percent and 11.2 percent, respectively (Hussein, Hitimana, and Perret, 2005) [1] . Cotton also plays an important role in the United States. The United States produces about 20 percent of the world's cotton supply and consumes about 10 percent of world cotton. Cotton provides about 0.1 percent of U.S. GDP (Irwin, 2001 ) [2] . The importance of the cotton trade is also evident in that much of the world's cotton crosses international borders more than once before reaching its final consumers (MacDonald, 2000) [3] .
In recent years, several policy and technology changes in the textile industry have affected the cotton market and world cotton trade. In 2005, world textile trade began to operate under the Agreement on Textiles and Clothing (ATC) instead of the Multi Fiber Agreement (MFA). Based on that new rule, all quotas in the cotton textile industry were eliminated. In 2001, China was admitted into the World Trade Organization (WTO) and became a major player in the textile industry. China has continued to increase its share of world mill consumption, which jumped from 27 percent in 2001 to 42 percent in 2008 (Foreign Agricultural Service (FAS), 2008) [4] .
Another important change has been the dramatic increase in grain prices that has accompanied the expansion of biofuel production in the United States, Europe, and South America. Because cotton must compete for space with corn, soybeans, and other crops, it is reasonable to think that planted areas of cotton in some major cotton producing countries will decrease. This is indeed the case in the US: the harvested areas of cotton de- [4] . The total harvested areas of cotton decreased around 2.3 million hectares, which is more than the total cotton harvesting area in the Africa Franc Zone countries. The increase in India's cotton production due to the adoption of Bt cotton, which made India the second largest cotton exporter in the world, with 24 percent of world cotton trade (FAS, 2008) [4] is another key factor in cotton industry.
Finally, exchange rate volatility and monetary policy in many countries influence cotton production and price levels. For example, the devaluation of the CFA franc in January 1994 by 100 percent against the French franc boosted cotton production in CFA countries, augmented by a strong U.S. dollar that climbed to a peak against the Euro in February 2002. However, this trend has since reversed, affecting the profitability of cotton production in the African Franc Zone (Estur, 2004) [5] . Based on an orderly correction in the US current account deficit in 2006, the World Bank expected an annual 5 percent effective decline in the US currency through 2008 (Business News, 2006) [6] .The long term depreciation of the US dollar reflects the long term decline in commo-dity prices, and also the world's historically higher rates of inflation. On the other hand, appreciation of Chinese currency would also increase the cost of textile exports and as a result, would decrease Chinese cotton imports. These new trends in the world cotton market indicate that the cotton price will remain volatile. Some of these trends may cause an increase in the world price of cotton, while others trends may reduce it.
World cotton prices have fluctuated widely in the last sixty years. Due to price volatility, some countries, such as those in the Africa Franc Zone, are losing export earnings of about $1 billion a year in direct and indirect costs as a result of subsidies paid by the United States and European Union (World Trade Organization, 2003) [7] . At the same time, exchange rate movements pose an additional risk to be managed, because of additional pressure on cotton producers and exporters when exchange rates are volatile. All these factors increase the exposure of the African countries in particular, and less developed countries in general, to the risk involved in producing cotton.
Presently, cotton producers in developing countries such as the African Franc Zone countries make very limited use of risk management instruments to hedge their exposure. Commodity cash prices are more variable than futures prices. Futures and options may provide the most efficient way to deal with short-term price uncertainty (Varangis et al., 1994) [8] . In addition, futures and options contracts can allow more flexibility in selling decisions. Therefore, hedging is useful in the cotton market. There are, however several obstacles that must be overcome in order to make use of hedging in The African Franc Zone countries. First, the market in agricultural products in both developed and developing countries is not totally free and markets are not fully developed especially in developing countries. Second, there is a lack of technical skills the use of risk management instruments in developing countries. Although some governments could make good use of hedging instruments to reduce cotton price volatility, this practice only provides partial coverage. Finally, the costs of hedging, i.e., the cost to obtain data and information, may also impede the implementation of hedging policies.
A logical question that comes to the researcher and policy maker's mind is whether hedging instruments, as used in developed countries, could be optimized to hedge against the risks involved in producing cotton in less developed and developing countries. Therefore, the objective of this paper is to determine the relationship between the NYCE cotton futures price and domestic farm prices in African Franc Zone and other less developed countries and compare it with the one prevailing in other countries, such as the United States, China, and Australia. This will shed light on how the changes in NYCE prices are reflected in the changes in domestic prices, as well as whether NYCE prices can be used to hedge cotton production in these countries.
The rest of this paper is organized as follows. In the next section, we present a conceptual framework. Section three presents the methods and procedures used to estimate the conceptual framework; while section four presents the data used. In section five, we discuss the findings of the paper, and in section six we conclude.
Conceptual Framework
This section focuses on theoretical construction of the hedging ratio. Cotton producers face substantial income risk due to price fluctuations. Apart from government price support schemes, such as counter cyclical payments, the loan rate, and other programs as used in the United States, a number of alternative market-based techniques are practiced to deal with these income risks. For example, farmers can spread their sources of income by cultivating various crops, or/and storing harvested outputs in order to sell commodities during a high-price period instead of a low-price period. It has been shown that stockholding is an important device for small holders to reduce price risks (Zant, 1998) [9] .
A financial risk management instrument is a technique that hedges price risks on futures exchanges. These types of instruments have received increased attention in recent policy discussions (World Bank, 1999) [10] . With respect to the use of these instruments, questions such as the costs of hedging price risks and the size of the welfare gains to be obtained from using such tools are often raised.
Consider a farmer who will harvest cotton at a known date in the future. The price at which the cotton will be sold at a given date is uncertain; hence, the profit from cotton production is stochastic. We assume that the farmers only consider the present and some future "terminal" date. That is, the cotton producer is a myopic agent (Johnson 1960 [11] , Stein, 1961 [12] , Holthausen, 1979 [13] ) such that his decision horizon equals his planning horizon. The farmer cannot revise his cash or hedging position between the time of placing the hedge and the time when it is liquidated. Based on these assumptions, farmers' production decisions are executed at two distinct dates. At time 1, the output price is not known with certainty. It is assumed that farmers can hedge the risk associated with the output price uncertainty by taking positions in the futures market. At time 2, the uncertainty about the output price is resolved, and the farmers choose the level of hedging conditional on the open futures and options position determined at time 1.
To compare the efficiency of different risk management methods, especially whether farmers adopt the New York near December contract crop year average cotton price to hedge or not, the risk-minimizing strategies are considered. It is assumed that farmers choose a best risk management strategy based on a risk comparison among different choices. That is, farmers will look at the additional risk of a given strategy relative to the optimal one. Following Lence et al. (1993) [14] , a benchmark in the hedging literature is the static minimum variance hedge ratio (SMV). The SMV is the proportion of the cash position to be hedged in order to minimize the variance of terminal wealth, for a given cash position. The SMV is important, because it represents the optimal hedge ratio for myopic agents who are extremely risk averse (Ederington 1979 [15] ; Kahl 1983 [16] ).
Moreover, the SMV is the optimum hedge ratio when futures prices are unbiased (Benninga et al., 1983) [17] , yet easy to estimate empirically and provides a handy operational tool (Lence et al., 1993) [14] . Under this framework, hedging will be defined as holding x units of spot market i and z units of future market j such that the price risk of holding x and z, from time t 1 to t 2 is minimized. Spot is defined to be cash market holdings. 1 If the basis is constant, the hedger will be easily able to offset all his risk by taking an equally large position in the futures market as his planned transaction. When a hedge ratio is 1, his losses or gains in the cash market will be perfectly offset by his losses or gains in the future market. In reality, basis is not stable and the hedger has to weigh together the price risk and the basis risk. In mathematical terms, a risk averse farmer's objective is to choose the hedge ratio, 0 H  , that minimizes the variance of terminal wealth, given the information currently available:
where is the expected profit at time t for cotton producer given by:
where FP j is the futures price quoted at date j (j = 1,2) for delivery at date 2; z is the future position taken at date 1, x is the known cash position, CP j is the cash price for cotton at date (j = 1,2), and C(X) is the cost function for production of X units of cotton. The farmer's objective is to minimize the risk as measured by the variance of the profit in (2). According to Mathews and Holthausen (1991) [13] , the mean-variance framework is more understandable and requires less information than a full expected-utility-maximizing model, and mean-variance models are equivalent to expected utility maximization. The farmer minimizes the variance of profit 2 π  , holding output X fixed by choosing the hedge z, and solves the variance 
Therefore, the minimum risk hedge ratio is
In other words, the hedge ratio is: 
This formula is well known in the literature (Kahl, 1983) and is called the standard hedge ratio (Mathews and Holthausen, 1991) [19] . h is a hedge ratio, which is the proportion of the physical position being hedged. And the amount hedged in the market by the farmer is h*x. If the basis is constant, the variance and the covariance will be the same and a minimum of the hedge ratio can be reached at h = 1. If the two prices are uncorrelated, the optimal value must be reached at h = 0.
Methods and Procedures

Model Specification
In order to estimate the minimum variance of hedge ratios for the major cotton producers and choose the optimal hedging ratios, we assume that the hedging is performed using the New York futures near December contract cotton crop year average prices. Following the literature, we compare three different models to calculate the optimal hedge ratios and the minimum variance: 1) The ordinary least squares (OLS) model, 2) the bivariate vector autoregressive (VAR) model, and 3) the error correction model.
The first model is the traditional OLS model. Based on the literature (Leuthold et al., 1989) [20] , ex post minimum variance hedge ratios are typically estimated with the following ordinary least squares regression:
where , and ΔCP ΔFP , are the change in the spot price (CP) and futures price (FP), respectively, over interval t. The parameter β is the ex post minimum variance hedge ratio, is the systematic trend in cash prices, and is the residual basis risk.
α ε The second model is the bivariate VAR model. According to Herbst et al. (1989) [21] , one aspect of the above regression model's invalidity is the fact that the residuals are auto correlated. In order to eliminate the serial correlation, the spot and futures prices are modeled under a bivariate-VAR framework as follows: 
The third model is the error-correction model. Based on Ghosh (1993) [23] , Lien and Luo (1994) [24] and Lien (1996) [25] , the second model described above ignores co-integration between two price series. According to their suggestions, if two series are co-integrated, a VAR model should be estimated along with the errorcorrection term which accounts for the long-run equilibrium between spot and futures price movements. Therefore the second model should be modified as follows:
1 t Z  is the error-correction term, which measures how the dependent variable adjusts to the previous period's deviation from long-run equilibrium, according to the following expression:
where is the co-integrating vector. This two-variable error-correction model expressed in equation (11) τ is, the greater the response of CP t to the previous period's deviation from long-run equilibrium.
Model Selection
In order to compare the performances of each type of hedging strategy, the un-hedged portfolio is constructed, consisting of shares with the same proportion as the share price index held on the spot market. The hedged portfolio is also constructed, consisting of a combination of the share price index held on both the spot and the futures markets. The number of futures contracts held is determined by the computed hedge ratios from each hedging strategy. The hedging performance is compared in terms of the risk-return trade-off, and the percentage variance reduction in the hedged portfolio relative to the un-hedged portfolio.
According to Baillie and Myers (1991) [26] , and Park and Bera (1987) [27] , the returns on the un-hedged portfolio and the hedged portfolio are simply expressed as:
where ru and rh are return on un-hedged portfolio and hedge portfolio, respectively. Ft and t are logged futures and spot prices at time period t, respectively, and h* is the optimal hedge ratio. The return on the hedged portfolio is the difference between the return on holding the cash position and corresponding futures position. Similarly, the variances of the un-hedged and the hedged portfolios are expressed as: According to Ederington (1979) [15] , the effectiveness of hedging can be measured by the percentage of the reduction in variance of the hedged portfolio relative to the un-hedged portfolio. The variance reduction can be calculated as:
The larger the variance reduction is, the better is the hedging strategy. That is, the better hedging strategy chosen has to provide more reduction of the variance compared to the variance of the spot price in the cotton market with the un-hedged strategy.
Data Sources and Estimation Issues
The data sets used in the studies come from different sources. The primary data source is the cost of production of raw cotton, published by International Cotton Advisory Committee. Other sources include reports from the USDA foreign Agricultural Service, Food and Agriculture Organization, the World Bank, and personal contacts in the different countries. Table 1 presents the descriptive statistics for the twelve major cotton producers' domestic farm prices collected in the past thirty years, as well as the New York Future market price. It shows that cotton price distributions are quite different among countries. The average cotton price in the United States, Australia and China is closer to the New York Futures Market price; while the Africa Franc Zone countries and Pakistan have a lower average price than the other countries. Due to the lack of record-keeping, there are only 28 years cotton price data to collect from the Africa Franc zone countries like Benin and Chad, and only 19 years of recorded cotton prices for Brazil. Table 2 shows that cotton prices in the United States, Australia, China and Turkey strongly correlate with the New York Future Cotton price. On the contrary, the others, such as the Africa Franc Zone countries of Benin, Chad, and Mali, only weakly correlate with the New York Future Cotton price. The price of Egyptian cotton also demonstrates a weak correlation with the New York Future price is weak, which may be related to government interventions as discussed by Levy (1983) [28] . Based on Levy, export taxes, production taxes, and acreage restrictions and a heavily subsidized domestic textile industry are the main factors that explain the low relationship between cotton prices in Egypt and world cotton market. The correlation is even negative, but not statistically significant, in the case of India. In order to determine whether the time series are consistent with the stationary process and with a deterministic trend, we conduct a unit root analysis using the augmented DickeyFuller (ADF) test. For the bivariate VAR model, the unit root test is carried out under the null hypothesis γ = 0 against the alternative hypothesis of γ < 0. The Dickey-
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Unit Roots, Co-integration, and Model Selection Tests
The results of the unit root test for NYCE and farm prices in different major cotton producing areas are reported in Table 3 . The augmented Dicky-Fuller (ADF) test is used to account for temporally dependent and heterogeneously distributed errors by including lagged sequences of first differences of the variable in its set of regressors (Dickey and Fuller, 1981) [29] . The null hypothesis for the ADF test is that the variables contain a unit root or they are non-stationary at a certain significance level. The results of this test show that most of the time series are non-stationary as the ADF t-statistics are not statistically significant. After being differentiated once, they all become stationary. This means that the ADF t-statistics become significant. Therefore, it can be concluded that the NYCE futures and domestic farm prices are an integration of order one. 14 the null hypothesis is that there is no co-integrating vector, both eigenvalue and trace statistics strongly reject the null hypothesis. When the null hypothesis is that there is a single co-integrating vector, both eigenvalue and trace statistics fail to reject the null hypothesis. Therefore, there is an indication of a co-integrating relationship between the variables with rank of one. After testing, it shows that the trace test values are greater than critical values at the 5% level when the null hypothesis is "r = 0". The results imply that co-integration exists in the US, China, Australia, Turkey and Benin. When we test the rank value, it is insignificant or fails to reject that the rank (H) is greater than 1 in the above countries. In other words, we can say that there is cointegration in the United States, China, Australia, Turkey and Benin and we fail to reject that rank is equal to 1 based on the trace test. For Mali, Chad, Brazil and Pakistan, we fail to reject the co-integration relationship between those countries' cotton prices and the NYCE futures price.
To test between the three models, this paper uses the variance reduction procedure as explained in section 3. Table 5 presents the results of the variance reduction. Of the three constant hedge ratios derived from the OLS model, the bivariate VAR model, and the error-correction model, the hedge ratio calculated from the OLS regression model performs the worst in terms of reducing portfolio variance, especially for major cotton players such as the United States, China, Brazil, and Australia. The error correction model gives the largest variance reduction for the United States, China, Brazil, and Australia. For the Africa Franc Zone countries, Egypt, Turkey, Pakistan, India, and Brazil, there is a weak relationship between domestic cotton prices and NYCE futures prices, implying a non-statistically significant variance reduction as shown by the results.
The parameter estimates of the error correction model are summarized in Table 6 . 2 The error correction models were estimated by incorporating the error correction term into the VAR model. For both equations of changes in domestic farm prices and changes in futures price, the coefficients of the error-correction term are statistically The statistical significance of the long-run estimated parameter indicates that the error correction term is correctly signed in both equations and implies that spot prices have a much greater speed of adjustment than the futures price. The results of estimated long-run parameters are significant in the US, China, Australia and Pakistan. The results indicate that there is co-integration between the spot prices in these countries and the NYCE futures price. We cannot, however, reach the same conclusion for the Africa Franc Zone countries, Egypt, India, Brazil, and Turkey. The results are not statistically significant in these countries, we do not find any co-integration relationship and we cannot determine whether there exists any long run relationship between the spot prices in these countries and the NYCE futures price.
Hedge Ratio Results
Using the variance and covariance of the residuals, the hedge ratios of the three models are calculated in Table  5 . As expected, and in line with most of the previous studies by Ghosh (1993) [23] and others, the hedge ratios estimated by the error-correction model are greater than those obtained from other models in most of the cases except Australia. This is because co-integration exists between futures prices and spot prices; ignoring this fact would imply that the hedger should take a smaller than optimal futures position.
In addition, the results indicate that countries with higher market power such as the United States and China, and countries without many market distortions, such as Australia, have higher hedging ratios than the other countries such as India, Turkey, Brazil and Egypt. On the contrary, there is not much improvement or significant change for the hedge ratios among the three regression models for countries like Egypt and the Africa Franc Zone countries. It can be concluded that for countries that are without market power as well as subject to significant domestic policy distortions, the NYCE futures market price is not a good target for hedging. These results are consistent with Varangis et al. (1993) [8] who find that the New York futures market does not provide an appropriate mechanism for hedging the price risk in Egyptian cotton.
Conclusions
This paper aims at estimating the hedge ratios for cotton production across different countries and determining whether New York Cotton Exchange futures prices can serve as a hedging tool for cotton producers in these countries. Three econometric models were used: ordinary least squares, bivariate vector autoregressive, and error correction models. The variance reduction test results indicate that the error correction model outperforms the ordinary least squares and the bivariate vector autoregressive models.
The results of the error correction model indicate that spot prices have a much greater speed of adjustment than the futures price. In addition, the results indicate that there is co-integration between the spot prices and the NYCE futures prices in the United States, Australia, and China; while for Africa Franc Zone countries, the results were not significant.
With respect to the hedge ratio, the findings of this paper show that, overall, the hedge ratios implied by the error correction model are larger than the ones implied by the ordinary least squares and the bivariate VAR models. The countries studied can, additionally, be grouped into three categories based on the hedge ratios. In the first, we find countries with higher market power, such as the US and China, and countries without market distortions, such as Australia. For these countries, the New York Cotton Exchange futures prices can serve as a hedging tool for cotton producers as indicated by high hedge ratio values. In the second category, we find developing countries, such as Turkey, Brazil, India, and Egypt with intermediate values of hedge ratios. Though the NYCE futures prices cannot be used as a hedging tool for cotton spot prices in these countries, we may conclude from the results that in the future, the NYCE futures prices will have a bigger impact. Finally, for less developed countries, such as Africa Franc Zone countries, and Pakistan, the NYCE futures prices cannot serve as hedging tool against the risks faced by cotton farmers.
